In this work, two configurations (planner and sandwich) structures of (Al/n PSi/n-Si/Al) porous silicon (PSi) gas sensor have been fabricated and tested extensively for CO 2 gas molecules. Two laser wavelength infrared and violet of (810 nm) and (405 nm) was used in the laser assisting etching process on the n-type silicon substrate. The gas detection characteristic of planner and sandwich configuration were studied under different condition. The resistance measurement, for the planner and J-V characteristic for sandwich structures, which was analyzed based on the nano-sized silicon, porosity, layer thickness, and the effective dielectric constant of the PSi layer. The SEM image of the PSi layer showed the formation pore-like structure with cylindrical and rectangular pore shape with different dimensions for infrared illuminated PSi and crossed pores-like structure with randomly distributed for violet illuminated PSi. The sensing mechanism for sandwich structure configuration is governed by the porous silicon parameters, while for planer configuration the silicon channel among the pore has a significant role in sensing process.
Introduction
There is a growing importance in developing able and economically gas sensors for detecting the leakage of different gases harmful. Environment air quality has improved considerably in the last few decades due to modern air pollution legislation. Nevertheless, there is strong evidence suggesting that exposure to air pollution, even at the levels commonly achieved nowadays in developed countries, leads to adverse health effects. A great variety of different sensors prepared of the PSi has been made-up over recent years. Has been detection many of organic materials, including DNA, measured by PSi sensors have been reported. Aroutiounian [1] [2] [3] . PSi can be considered as a Amer B. Dheyab amer.aljoburi@yahoo.com 1 School of Applied sciences, University of Technology, Baghdad, Iraq 2 Ministry of Science and Technology, Baghdad, Iraq silicon crystal having a network of voids in it. The nanosized voids in the bulk silicon result in the different form of the structure of pores and channels surrounded by a skeleton of crystalline Si nano wires [4] . Laser assisted etching (LAE) was the mechanism used in the formation of PSi layer on the Si surface in hydrofluoric acid with employing photonic source [5] . Due to light absorption process, the size and the density of the nanocrystallites and PSi layer thickness can be modulated. The density of Si nanocrystallites is decreased with increasing the etching laser wavelength, while the porous layer thickness is increased with increase the etching laser wavelength [6] . The requirement of industry and personal circumstances led to the development of efficient gas detection configuration. The gas sensing model sensitivity, response and recovery times depended on the PSi gas sensor configuration [7] . Carbon dioxide detection is currently in demand in the major fields such as indoor air quality monitoring [8, 9] . There are several groups in the development of an alternative sensor for CO2 monitoring, which is cheap and efficient [10] . The ability of the PSi to sense at room temperature organic vapors such as acetone, trichloroethylene, and hexane, which are harmful to human health. The electrical current (DC) and photoluminescence at the presence of an organic vapor have been done to examine the sensor performance with the organic vapors. The result showed was that the PSi layer has high sensitivity to the organic vapors. PSi is very effective material to enhance the optical properties of Si [11] .
In this work, a comparative study was carried out on two fabricated porous silicon gas sensor configuration (planner and sandwich). The electrical behavior each sensor is discussed based on the mechanism of the current flow within the porous silicon matrix and the porous silicon parameters.
Fabrication and Experimental Details
The porous silicon gas sensor was fabricated using silicon wafer (100) n-type of resistivity ranging of about (10 .cm). The silicon wafer is cutting into (2.4×2.4 cm) in dimension. The etching process was carried out in Teflon cell where the silicon substrate acts as an anode while the cathode is a platinum ring with 15min etching time and (25 mA/cm2) current density. The etching solution consists of the mixture (HF: Ethanol: H2O 1:1:1). Two types of porous samples were prepared using laser assisted etching (LAE), sample A with illumination wavelength infrared of (810 nm) and illumination intensity of (2W/cm 2 ) and sample B with the violet illumination wavelength of (405 nm) and illumination intensity (2 mW/cm 2 ). After the formation of the PSi layer, the required deposition Aluminum electrode is deposited onto the surface of the porous silicon and the rare surface of crystalline silicon to produce electrical contacts for device testing. Vacuum thermal evaporation process was used to make the electrodes. The Very thin layer is a deposit on the upper PSi surface with thickness (10-20 nm), to make the sandwich structure of (Al/nona-PSi/n-Si/Al) as shown in the Fig. 1a . The planer configuration was obtained deposit two different E-letter Aluminum electrode on the PSi layer. The current-voltage characteristic was performed in the small sealed dark chamber under a controlled gas flow at various temperatures 25-150 C • ; calibrated thermocouple monitored the temperature. A DC power supply and 8846AFluke6-1/2 Digit precision multimeter, while the resistance measurement was carried out with (Hank 365 Multimeter).
In the same way, to obtain a homogeneous distribution of the gas molecule on the porous silicon gas sensor, the measurements were performed after 1 minute of turning on the gas flow. The measured concentration of CO 2 gas is about 5 ppm. The surface morphology of the porous silicon was studied using (AIS3200C) scanning electron microscopy SEM. The PL spectra were obtained at room temperature using He-Cd laser (320 nm, 10 mw, for excitation. Fourier transfer infrared (FTIR) spectrometer analyses were carried out by (Per Kin -Elmer spectrometer).
Result and Discussion

Characteristic of Porous Silicon Layer
A gravimetric technique was used to determine the porosity and layer thickness of the porous layer. Porous sample A and B the porosity is (68%) and (73%) respectively, while the layer thickness is (23.56) and (15) respectively. The porous layer thickness of sample A is much greater than that of sample B this is due to the increase of the absorption depth with decreasing the illumination wavelength. The absorption depth is about (12.9 μm) for (810 nm) while for (405 nm) the depth of about (100 nm). So the etching process due to the photon absorption and the required e-h pair's generation for silicon dissolution process will occur at a region away from the porous layer and inside the deep silicon regions. Figure 2 illustrates the surface morphology of sample A and B respectively with two different surface morphologies. For sample A the porous layer looks like pore-like structure with different pore size and pore shape, the pore shape is spherical and rectangular with a large density of the formation pores. The statistical distribution of pores varies The morphology of the porous looks like layer. A cross pores-like structure with different trench sizes. According to the analysis of the SEM image the morphology of the porous formed under violet illumination present side branch that propagates perpendicularly to their main direction of the growth, leading to form a cross-like structure. Cláudia studied the formation of this infrequent morphology, according to the analysis of [12] , the removing of the silicon 4 illustrates the PL spectra of PSi atoms will enhance the surface inhomogeneity due to the local changes in the electric field distribution. The absorption of the violet wavelength 405 nm will occur within the Si surface and under very shallow region below the Si surface, where the absorption depth of 405 nm is about (100 nm). This will restrict the etching in the surface and the photogenerated of e-h pairs will affect the electric field distribution leading to improve, the in homogeneous of the pore growth.
The chemical species on porous silicon surfaces is determined by FTIR signals from porous silicon. Hydrogen covers the dangling bonds of silicon after the etching process, so silane SiH x (x=1, 2, 3) groups and Si-O-Si termination are formed on the surface of the prepared porous silicon. Surface morphology governs types of such group and the intensity of the absorption [13] . Figure 3a and b shows the FTIR spectra of IR and violet illumination that presents that the absorption intensity of sample A due to dihydrides (Si-H2), trihydrides (Si-H), and Si-O-Si is higher than that of sample B.The existence of Si-O-Si termination in both porous silicon samples is due to the oxidation process which occurs due to the presence of H2O molecule in the etching solution so the PSi layer is partially oxidized layer.
The (PL) spectra of porous silicon for both samples are displaced in Fig. 4 shown it can recognize that the PL spectrum of sample B, the PL intensity is higher than that of sample A and the PL peak intensity is located at (688 nm) and (630 nm) respectively. The increasing of the illumination wavelength (decreasing the photon energy) leads to synthesize porous layer with larger silicon nano size as shown on in Eq. (1) [14] . The dependence of the PL spectra on the silicon nano size was correlated with porous silicon morphologies.
The energy of the porous layer, E g(PSi) varies according to the silicon nano size(L).
The penetration is increased in the etching rate with laser power density which is due to an increase in the number of generated (e-h) pairs and subsequently leads to the faster etching process. The number of photogenerated (e-h) pairs is given by:
Where (α) is the absorption coefficient, (I ) is the laser intensity and (hν) is the photon energy.
Performance of Porous Silicon Gas Sensors
The gas sensing performance of two types of porous silicon gas sensors configurations (planer and sandwich structure) for different kinds of surface morphologies were studied at different operation temperatures.
Sandwich Structure Mode
The gas sensing mechanism of this mode of operation is based on the response of the current-voltage characteristic across the porous silicon /crystalline silicon junction. All the obtained result show rectifying behavior rather than a linear relationship. Figure 5 shows the J-V characteristics of sample A and B illuminated porous silicon respectively in the sandwich (Al/nPSi/nSi/Al) structure configuration mode at different temperatures in the absence of CO 2 gas molecules. All measurement were done under forwarding bias in the range from (0 − 5v).
From these curves, we can observe the dependence of the current density on the characteristic of the porous silicon layer, where the current density is increased with increasing the porosity and with decreasing the layer thickness of the porous layer and, the following facts can be concluded.
1. For both sample the forward current density increase slightly with increasing the operation temperatures from 25 C°to 150 C°. 2. The current passing through the violet illuminated sample B, in general, higher than that of infrared illuminated porous sample A.
The equation gives the dependence of the current density on the porous silicon parameters Eq. (3) [15] . The thickness and porosity both types of illumination.
Where rPSi is a dielectric constant of PSi, O dielectric constant of air, μ eff is the mobility of the charge carriers a b Figure 6 presents the J-V characteristics of PSi sandwich structure with the presence of fixed CO 2 concentration of about (5%) ppm CO2. From this number, it is clear to that the J-V characteristic is still rectifying. The values of the current density passing through both samples with the presence of CO 2 gas are higher than that of the case without gas, so this variation in the current density indicates that the PSi sensor was very sensitive to CO 2 gas molecules. The current variation in the sandwich structure of sample B is higher than that of sample A, and this variation is related to desorption of the CO 2 molecule on the porous silicon layer due to the Vander Waals interaction. The CO 2 desorption will lead to modifying the dielectric constant of the porous layer. The dependence of the dielectric r Psi on the porosity of the porous layer and the embedding medium ( rpore ) is given by the Eq. (4) [16] .
r Si +P% ∈ 1/3 r pore (4) Where P % porosity of the porous layer, r pore dielectric constant of the embedding medium (CO 2 molecule). The value of the dielectric constant of the porous layer in the presence of CO 2 gas molecules filling the pores is about (3.86267233) and about (4.71059865) for sample A and sample B respectively.
The values of the dielectric constant for CO 2 molecule is about (1.000921) without gas condensation effect, and (1.6) with gas condensation effect. The condensation process for the gas and vapor molecule in the porous structure occurred a b especially in the micro and mesoporous silicon due to the capillary condensation of the absorbate gas in the nanometer scale pores [17] . The lower thermal conductivity of the porous layer improve the condensation process within the pores inside the layer, so this modification in the dielectric constant of the porous matrix with and without condensation will lead to modifying over all electric and also the gas sensing properties. The variation of the maximum detection sensitivity at fixed operating voltage 5 V with operating temperature is shown in the Fig. 7 . The sensitive nature of PSi gas detection device can be defined as the change in the current density before and after exposure to the gas. The sensitivity (s) is given by Eq. (5) [18] .
Where J a the essential current density of PSi sensor in the presence of atmospheric air, and J g is the current density after exposure to the gas. Figure 7 of sandwich structure illustrates the maximum sensitivity for CO2 gas molecules, From this figures, the sensitivity of the device increased with increasing the operating temperature from 50 to 150 C • and the maximum Fig. 7 shows the variation of the sensitivity at 5 V applied voltage for porous silicon sandwich structure (Al/nPSi/n-Si/Al) as a function of the operating temperatures (a) sample A (b) sample B value of sensitivity was obtained at 150 C • . By comparing Fig. 7 sample A and B it clear to us that the violet illuminated sample B has higher sensitivity than the infrared illuminated sample A.
Planer Structure Configuration Mode
The sensing mechanism of this type of the fabricated sensors was based on the recording the variation of the resistance of the porous layer. The performance of this sensor varied according to the silicon channels between pores of PSi layers (resistance). The variation of the resistance of PSi as a function of the exposure time of the planer structure gas sensor for two type of porous silicon substrates infrared illuminated PSi sample A and violet illuminated PSi sample B is shown in Fig. 8 .
From the dynamic response curves, it's easier to observed that a large resistance variation is recorded when the gas out, the resistance of porous layer recovers slowly and tend to retain to the initial for both samples. The resistance of porous layer shows a decrease from a higher value to lower value and the numerical value of the resistance is varied according to the type of porous layer and the operating temperature. The resistance value, before and after exposure to CO 2 gas of PSi layer has been tabulated in the following table also the response, recovery time, and the sensitivity has been tabulated in the Table 1 . The sensitivity the for planer structure PSi gas sensor is given by Eq. (6) [18] :
Where R a is the resistance of the sensor in the presence of atmospheric air, while R g the device resistance after exposure to the gas. From the Fig. 9 of planer structure illustrates the maximum sensitivity for CO2 gas molecules, From this figure, the sensitivity of the device increased with increasing the operating temperature from 50 to 150 C • and the maximum value of sensitivity was obtained at 150 C • . By comparing Fig. 9 sample A and B it clear to us that the infrared illuminated sample A has higher sensitivity than the violet illuminated sample B. Found that efficient and best detection process of the gas sensor was fabricated in the sandwich structure by comparing with the planer mode configuration at variation the operating temperatures. Table 1 the resistance of the PSi layer which lies between the deposited metallic electrode in the case of absence of CO 2 gas molecule varied according to the laser, illumination wavelength, and the operating temperature, the following facts can be deduced:
1. For fixed type of PSi sample, the resistance of the PSi was decreased with increasing the temperature, this will lead to decrease the effective charge carriers, which contribute to conductance process in PSi layer. 2. The resistance of sample A PSi gas sensor samples, in general, was less than that of sample B because the density of the dangling bonds Si-H x and the associated surface state Si-O-Si in sample A is less than that of sample B.
The performance of PSi gas sensor in the presence of gas CO 2 molecule as a function of the time was varied according to the type of PSi layer. The following facts can be deduced.
1. The sensitivity of IR illuminated PSi sample A was higher than that o of the violet illumination PSi gas sensor sample B. 2. The response time PSi gas sensor was slightly varied with increasing the operating temperature from 25 C • to 150 C • ). 3. The recovery time was often higher than the response time for both PSi samples, including a fast rate for adsorption than for desorption of CO 2 gas from the porous matrix.
To interpret this behavior of this sensor quantitatively, we discussed the performance of the sensor according to the activity of the dangling bonds (Si-H) associated with porous silicon. According to [19] . The conductivity and hence the resistivity was governed by the width of the channel resulting from the partial depletion of silicon located between pores. This partial depletion region was arising from the charges trapped in the surface states associated with the partial oxidation of porous silicon (SiSiO 2 ) where SiO 2 was the native silicon oxide. Due to the partial oxidation of the PSi was occurred spontaneously during the aging process. Where was a thin layer of SiO 2 and associated interface states having a density (δ) cm −2 , there was a depleted region in the silicon material over the area (w). So the effective silicon channel has a width (d-2w) in which the carriers can move with applied voltage. The effect of the gas was to passivity the active dangling bonds through screening mechanism, so that (w) decreased and the silicon channel increased.
Conclusion
In conclusion, we presented a simple approach to fabricated two types of porous silicon gas sensors according to a morphological parameter of the porous layer. The performance of the porous silicon gas sensor for configurations, planer, and sandwich strongly depends on the porosity and layer thickness and the silicon channel within the porous layer. For sandwich structure porous silicon gas sensor mode, the porous layer of higher porosity and lower layer thickness give us a better gas sensing process (violet illuminated sample), while planer porous silicon gas sensor for sensing process is attributed to the silicon channel rather than a porous parameter.
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